Postembedding staining methods using ruthenium red (RR) incombination with tungstate (TT) (phospho-or silicotungstic acid) (RR-TT) were tested for the effective visualization of acidic glycoconjugates in electron microscopy. Tissue blocks of trachea and colon from adult male Wistar rats were fixed in phosphatebuffered glutaraldehyde-paraformaldehyde solution and embedded in LR-White. Ultrathin sections were cut, stained first with RR (pH 2.5) and then incubated in TT. In the tissues examined, all the ultrastructures containing acidic glycoconjugates exhibited apparent positive reaction for RR-TT. If stained singly with RR or TT under the same staining conditions, most of these ultrastructures failed to give any distinct electron densities. In all the acidic glycoconjugate-containing ultrastructures tested, digestion with testicular hyaluronidase greatly diminished or abolished their RR-TT reactions. In view of these results, the present RR-TT methods can be regarded as a useful technique for the efficient visualization of acidic glycoconjugates in electron microscopy.
In different mammalian species, it has been well known that intra-and extracellular ultrastructures contain acidic glycoconjugates which play an important role in living organisms. To visualize such acidic glycoconjugates, numerous attempts have been made using electron microscopic histochemical methods with basic dyes [ruthenium red (2, 3, 14) , alcian bule (1, 25) , cuprolinic blue (21, 26) , high and low iron diamine (20, 22, 24) ] and colloidal ions [dialyzed iron, (7, 12, 29) , colloidal iron (27) , colloidal thorium (18) ]. The majority of these staining procedures employed staining reagents applied to tissue specimens at preembedding stages of tissue preparations, and such procedures suffered from the limited penetration of staining reagents into cells. To overcome such weaknesses, a series of staining reagents were applied to tissue specimens at postembedding stages of tissue preparations (4, 6, 9, 15, 18, 30) . At first glance, these postembedding staining methods appeared to be satisfactory for visualizing acidic glycoconjugate-containing ultrastructures in electron microscopy. If closely examined, however, these acidic glycoconjugate-containing ultrastructures were found to be contaminated with varying degrees of non-specific background stain-et al. 
RESULTS
When the ultrathin sections from the rat trachea were stained with the RR-TT sequence, a series of acidic glycoconjugate-containing ultrastructures in the connective and epithelial tissues exhibited apparent positive reactions. These ultrastructures were intercellular matrix of tracheal cartilage (Figs. 1, 4, 5) , cytoplasmic vesicles, secretory granules, lysosomal dense bodies and plasma membrane of chondrocytes (Figs. 1, 4 , 5), together with vesicular, vacuolar and cisternal elements of the Golgi complex and secretory granules in the cytoplasm of tracheal goblet cells. In the tracheal chondrocytes and goblet cells, however, cell organelles such as endoplasmic reticulum elements and mitochondria did not exhibit any positive RR-TT reaction. If stained singly with RR, all the RR-TT reactive ultrastructures in the trachea exhibited only an exceedingly feeble reaction (Fig. 2) . If stained singly with TT, likewise, these ultrastructures did not show any distinct positive reaction (Fig. 3) .
Following digestion with testicular hyaluronidase, the RR-TT reactions of different ultrastructures in the tracheal cartilage were markedly decreased in intensity (Fig. 6) . However, digestion with this enzyme did notalter the intensity of the RR-TT reactions in the epithelial ultrastructures such as those in the tracheal goblet cells. In the control ultrathin sections for the enzyme digestion, both the connective and epithelial tissue ultrastructures did not undergo any significant changes in intensity of the RR-TT reactions (Fig. 5) .
If the ultrathin sections from the rat colon were stained with the RR-TT procedures, secretory granules, pinocytotic vesicles and certain Golgi elements in the cytoplasm of colonic goblet and columnar cells showed apparent positive reactions (Figs. 7-9 ). In these cells, further, the plasma membrane exhibited distinct positive reactions and, in particular, the reactions of the microvillous plasma membrane in the columnar cells were marked (Figs. 8, 9 ). If stained singly with RR (Fig. 10) or TT (Fig. 11) , all the RR-TT reactive ultrastructures in the colon resulted in either feeble or negative reactions.
No significant differences could be noted between the effects of phopho-(Figs. 4, 5, 7-9) and silicotungstic ( Fig. 1) RR is known to be one of the cationic dyes used for the histochemical detection of anionic sites in tissues (2, 3, 6, 14, 15, 28) . Gustafson and Pihl (6) employed glycol methacrylate (GMA)-embedded tissue sections for the postembedding RR staining at a neutral pH levels. However, their RR staining method did not give rise to any significant electron densities of reaction products. According to Nagato et al. (15) , an aqueous RR and osmium tetroxide (OS) sequence was apparently effective for the selective demonstration of connective tissue acidic glycoconjugates in GMA-embedded semithin sections. In such a sequence, OS is believed to intensify not only RR reaction products but RR negative materials such as proteins, nucleic acids and lipids (8, 10) . At neutral pH levels, further, RR can non-specifically react with nucleic acids and neutral glycoconjugates (17, 23) . Thus, it seems likely that both the RR and RR-OS methods could lead to non-specific backgrounds in stained sections.
The RR-TT staining method developed in the present study is free from the weaknesses inherent in the previous methods (6, 15) . The use of a hydrophilic embedding medium (LR-White) can result in the effective penetration of histochemical reagents into cells and tissues (16) , and non-specific RR-TT reactions of other anionic substances than carbohydrates are unlikely by virtue of the low pH levels (17, 23) . Further, the electron density of reaction products obtained by the present method is much higher than that yielded by the previous techniques (6, 15) .
The exact mechanism underlying the RR-TT reactions still remains to be elucidated. It is, however, likely that at low pH (2.5) RR binds selectively to anionic groupings of glycoconjugates (28) and ensuing TT could form an insoluble electron opaque chelate-compound with RR.
In view of the known acidic glycocojugate-contents in the ultrastructures examined in the present study (11, 12, 19, 22, 24) , their positive RR-TT reactions are taken to be evidence for a high selectivity of the present methods.
Furthermore, the present results of both the control (single RR or TT) stainings and the enzyme digestion experiments are thought to substantiate a significantly high selectivity of the RR-TT staining methods for acidic glycoconjugates in electron microscopy.
